Objective-Impaired wound healing is a major complication of diabetes mellitus. The mechanisms that govern wound healing, however, are complex and incompletely understood. In the present study, we determined the inhibitory role of protein tyrosine phosphatase 1B (PTP1B) in the process of diabetic wound healing. Approach and Results-First, by comparing the wound healing process in PTP1B knockout (PTP1B −/− ) mice, ob/ob mice and their wild-type littermates in the presence or absence of streptozotocin treatment, we showed that the inhibition of mouse wound healing in streptozotocin-induced diabetic conditions is because of the upregulation and activation of PTP1B. Second, the impaired wound healing in ob/ob mice and streptozotocin-treated wild-type mice was rescued by a PTP1B inhibitor. Third, PTP1B, which is upregulated under hyperglycemic condition, inhibited the tube formation, proliferation, and migration of human microvascular endothelial cells induced by vascular endothelial growth factor, whereas this inhibition was largely abolished by the PTP1B inhibitor. Finally, mechanism study further indicated that PTP1B likely suppressed the proliferation, migration, and tube formation of vascular endothelial cells through dephosphorylation of vascular endothelial growth factor receptor 2. Conclusions-Our study demonstrated that PTP1B negatively modulated the diabetic wound healing process by dephosphorylating the endothelial cell vascular endothelial growth factor receptor 2 and that the specific inhibitor of PTP1B might serve as a potential novel therapeutic tool for diabetic wound healing. (Arterioscler Thromb Vasc Biol.
D elayed wound healing is a major complication of diabetes mellitus. [1] [2] [3] Ulcer wounds with impaired healing and repeated infection lead to the risk of lower limb amputation. According to the American Diabetes Association, the incidence of foot ulceration in diabetic patients may reach 40%, making it a large healthcare burden. 4 Although previous studies have shown that increased apoptosis, impaired cellular infiltration, reduced angiogenesis, and decreased formation and organization of collagen fibers [5] [6] [7] can contribute to delayed wound healing under diabetic conditions, wound healing is a complex process, and the mechanism underlying impaired diabetic wound healing remains incompletely understood.
Protein tyrosine phosphatase 1B (PTP1B), a negative regulator of metabolic signaling pathways, such as the insulin and leptin signaling pathways, is the prototype of the superfamily of PTPs and belongs to the nontransmembrane subfamily 1 of intracellular PTPs. 8, 9 PTP1B has been reported to be upregulated under hyperglycemia and diabetic conditions. [8] [9] [10] PTP1B is involved in multiple cellular processes, such as glucose uptake, proliferation, differentiation, apoptosis, cell-cell adhesion, extracellular matrix attachment, motility, and invasion. 11 Dinh et al 12 reported that PTP1B served as a key factor associated with the failure of diabetic foot ulcers to heal. Nakamura et al 13 also found that PTP1B played an important role in modulating VEGF-mediated angiogenesis. In fact, PTP1B has been show to target various substrates to dephosphorylate these phosphorylated molecules. Recent studies by us 14 and others 15 showed that PTP1B could dephosphorylate the N-ethylmaleimide-sensitive fusion protein to elicit soluble N-ethylmaleimide-sensitive-factor attachment protein receptor complex disassembly during human sperm exocytosis. In insulin signaling, PTP1B dephosphorylated the insulin receptor and its substrates, particularly the insulin receptor substrate proteins, to control the insulin signaling pathway negatively. [16] [17] [18] [19] PTP1B also negatively controlled the leptin signaling pathway by dephosphorylating Janus kinase 2, a downstream mediator of leptin signaling. [20] [21] [22] [23] Several research groups have reported that PTP1B can dephosphorylate Src at the Y529 site to activate the kinase and promote cell proliferation. [24] [25] [26] [27] In contrast, PTP1B can also serve as a cell growth inhibitor by dephosphorylating other receptor tyrosine protein kinase, including the epidermal growth factor and platelet-derived growth factor receptors. A recent study by Nakamura et al 13 showed that the vascular endothelial growth factor receptor 2 (VEGFR2), a critical receptor modulating endothelial cell proliferation, migration, and tube formation, was dephosphorylated by PTP1B, suggesting that upregulated PTP1B in endothelial cells may contribute to the impairment of VEGFR2-associated angiogenesis and diabetic wound healing.
In the present study, using PTP1B knockout (PTP1B −/− ) mice, ob/ob mice and their wild-type littermates, we defined the role of PTP1B in diabetic wound healing. The mechanism underlying hyperglycemia-induced PTP1B expression and the potential VEGFR2-mediated signal downstream of PTP1B during vascular endothelial cell proliferation, migration, and tube formation was also explored.
Materials and Methods
Materials and Methods are available in the online-only Data Supplement.
Results

PTP1B Impairs Wound Healing in Diabetic Mice
As a critical modulator of metabolism, PTP1B protein expression and its activity have been reported to be upregulated under hyperglycemic and diabetic conditions. [8] [9] [10] To test the role of PTP1B in the modulation of diabetic wound healing, we conducted a wound healing experiment using PTP1B −/− mice and their wild-type (WT) littermates. First, we established diabetic model by injecting streptozotocin (40 mg/kg, dissolved in a citrate buffer just before the injection) once a day for 5 consecutive days. 28 Daily monitoring of plasma glucose levels indicated that both PTP1B −/− and WT mice were hyperglycemic after streptozotocin treatment ( Figure 1A ). Streptozotocin treatment also resulted in a similar body weight loss in PTP1B −/− and WT mice ( Figure 1B ). Next, a full-thickness skin wound was created. 29 The wound was protected with sterilized gauze to prevent infection. The wound healing process was monitored every day. 29 As shown in Figure 1C , WT mice treated with streptozotocin showed significantly delayed wound healing when compared with mice lacking streptozotocin treatment. To our surprise, streptozotocin treatment did not slow wound healing in PTP1B −/− mice even though these mice had a similar hyperglycemic condition, suggesting that the effects of streptozotocin-induced diabetic conditions on mouse wound healing may be mediated through PTP1B elevation or activation. Immunofluorescence staining and analysis ( Figure 1D ) confirmed such differential wound healing. Moreover, an ordered collagen structure and active neovascularization were revealed in streptozotocin-treated PTP1B −/− mice, whereas streptozotocin-treated WT mice showed a disruption of collagen structure and slow neovascularization. Western blot results confirmed that PTP1B levels were upregulated in streptozotocin-treated WT mice when compared with WT littermates ( Figure 1E ).
PTP1B Inhibition Rescues Impaired Wound Healing in Diabetic Mice
To validate the role of PTP1B in delaying diabetic wound healing, a specific PTP1B inhibitor, FRJ, 14, 30 was used. In this experiment, the PTP1B inhibitor was added to the wound every other day. Wound healing was imaged, and the skin tissues were obtained and analyzed. As shown in Figure 2A , administration of the FRJ significantly accelerated the wound healing process in streptozotocin-treated WT mice. FRJ treatment slightly enhanced the wound healing process in WT mice, but the difference was not significantly. Enzyme activity and protein expression analysis revealed that PTP1B activity ( Figure 2B ) but not PTP1B protein expression ( Figure 2C ) were suppressed in skin tissues by the PTP1B inhibitor. Masson staining and immunofluorescence labeling with an anti-CD31 antibody 31 showed that skin tissues treated with the PTP1B inhibitor maintained a better collagen structure and stronger angiogenesis ( Figure 2D ). The treatment with PTP1B inhibitor did not change the plasma glucose level and body weight in streptozotocin-treated mice ( Figure 2E ). To test the specificity of FRJ, we also treated PTP1B −/− mice with FRJ during the course of wound healing. As shown in Figure I in the onlineonly Data Supplement, FRJ treatment did not further alter the wound healing (A and B), plasma glucose level (C), and body weight loss in streptozotocin-treated PTP1B −/− mice.
The ob/ob mice displayed typical diabetic symptoms, such as pronounced hyperglycemia, insulin resistance, and marked obesity, and thus have been widely used to establish an animal model for type 2 diabetes mellitus. 32, 33 Western blotting revealed that PTP1B expression levels were significantly higher in ob/ob mice compared with WT mice ( Figure 3A ). Similar to the observations above, the PTP1B inhibitor did not affect PTP1B expression levels ( Figure 3A ) but significantly suppressed PTP1B activity ( Figure 3B ). Next, we compared the wound healing process in ob/ob and WT mice and monitored the effects of the PTP1B inhibitor. As shown in Figure 3C , a striking difference in the wound healing process between ob/ ob and WT mice was observed. WT mice displayed an accelerated resurfacing rate versus ob/ob mice, but the delayed wound healing in ob/ob mice could be markedly accelerated by the PTP1B inhibitor. Further analysis of the wound skin structure by Masson staining and neovascularization by counting the number of CD31-positive cells supported that ob/ob mice had a delayed wound healing compared with WT control mice, whereas PTP1B inhibitor administration strongly reversed the impaired wound healing in ob/ob mice ( Figure 3D ). When compared with ob/ob mice, WT mice had a more compact and orderly arranged collagen structure in the wound tissues. The treatment with PTP1B inhibitor did not change the hyperglycemia and overweight condition in ob/ob mice ( Figure 3E ). PTP1B inhibition rescues the impairment of VEGFmediated human microvascular endothelial cell (HMEC)-1 tube formation under high glucose concentration (HG).
Nonstandard Abbreviations and Acronyms
Previous studies have reported that the hyperglycemia induces PTP1B expression and activates its activity. 11, 24, 34, 35 Thus, we tested the effects of HG on PTP1B expression and activity. In this experiment, HMEC-1 cells were treated with 30 mmol/L (HG) or 5 mmol/L (low glucose concentration [LG]) glucose for 12 hours and then placed onto a Matrigelcoated culture dish. The PTP1B inhibitor was added during this incubation to test the effects of PTP1B activity on VEGF-stimulated HMEC-1 tube formation. HMEC-1 cell branching was monitored as previously described. 36 As shown in Figure 4A , VEGF-stimulated tube formation in HMEC-1 cells was markedly inhibited by HG but not by LG. The impairment of HMEC-1 cell tube formation in HG, however, was largely rescued by the administration of FRJ. In agreement with previous reports, 11, 24, 35 we also found that PTP1B expression level was increased by HG ( Figure 4B ). The activity of PTP1B was strongly suppressed by FRJ under both high and LG ( Figure 4C ). To confirm the direct effects of PTP1B on HMEC-1 cell tube formation, we overexpressed PTP1B in HMEC-1 cells (PTP1B-overexpress) by transfection with a PTP1B-expressing plasmid and then assessed the tube formation in HMEC-1 cells. Overexpression of PTP1B significantly increased PTP1B protein levels in HMEC-1 cells ( Figure 4D ). As shown in Figure 4E , increased PTP1B activity in HEMC-1 cells by overexpressing PTP1B markedly suppressed VEGFinduced tube formation in HMEC-1 cells. The administration of FRJ, however, promoted tube formation in HMEC-1 cells.
HMEC-1 Proliferation and Migration Is Reduced by PTP1B Overexpression but Enhanced by PTP1B Inhibition
Proliferation and migration of vascular endothelial cells represent important steps in the formation of new blood vessels. 33 To test the role of PTP1B in HMEC-1 cell proliferation and migration, a scratch wound was created on HMEC-1 monolayers cultured in medium containing LG or HG or HMEC-1 monolayers in the presence or absence of FRJ. As shown in Figure 5A , HG inhibited migration, but FRJ treatment promoted HMEC-1 cell proliferation. The percentage of open wound area at 18 hours was 25±2% for LG and 85±4% for HG. Treatment with FRJ significantly decreased the open wound area of HMEC-1 monolayers cultured in HG. An EdU assay further showed that high concentration of glucose suppressed VEGF-stimulated HMEC-1 proliferation ( Figure 5B ). The number of EdU-positive cells was 9.1±1.2% for HG versus 38.3±3.4% for LG. Furthermore, FRJ administration abolished the antiproliferative effects of HG on HMEC-1 cells (the EdUpositive number increased to 32.3±4.1%). To verify the direct effects of PTP1B on HMEC-1 proliferation and migration, we overexpressed PTP1B in HMEC-1 cells and monitored cell proliferation and migration. As shown in Figure 5C EdU assay also showed that PTP1B overexpression decreased HMEC-1 proliferation but that PTP1B inhibition promoted HMEC-1 proliferation ( Figure 5D ). Moreover, the EdUpositive number was 39.4±3.1% for LG, 11.2±2.1% for HG, and 54.7 ± 4.2 % for LG plus the PTP1B inhibitor.
Hyperglycemia Induces PTP1B Level Through Reactive Oxygen Species-Nuclear Factor-κB Axis
To confirm hyperglycemia as an important factor for inducing PTP1B expression in vascular endothelial cells, we initially incubated HMEC-1 cells in HG medium for 24 hours and then switched to LG medium and continuously cultured for another 24 hours. As shown in Figure II in the online-only Data Supplement, HG induced PTP1B expression, whereas LG medium reversed the expression level of PTP1B. In vivo study also showed that hyperglycemia is a key factor for PTP1B upregulation. In this experiment, WT mice were initially treated with streptozotocin to achieve hyperglycemia and then injected with insulin twice per day during the whole course of wound healing. As shown in Figure III in the online-only Data Supplement, insulin injection restored the plasma glucose level and body weight of streptozotocin-treated mice (A). The increased PTP1B level in streptozotocin-treated mice was also abolished by insulin injection (B). Lowering the plasma glucose level through insulin injection also significantly improved the wound healing (C), and migration of CD31 endothelial cells (D) in streptozotocin-treated mice. These results collectively suggest that hyperglycemia plays a critical role in upregulating PTP1B in vascular endothelial cells.
Hyperglycemia has been reported to increase the cellular level of tumor necrosis factor (TNF)-α and reactive oxygen species (ROS), 2 major mechanisms for upregulating the level of PTP1B. 37, 38 We next tested whether TNF-α or ROS was involved in the regulation of PTP1B upregulation under hyperglycemia condition. We detected a low level of TNF-α in HMEC-1 cells, and the TNF-α level was not altered after the incubation with HG (data not shown), suggesting that TNFα did not play a major role in the upregulation of PTP1B by hyperglycemia. However, we found that ROS level (detected by DHE staining) was significantly increased by hyperglycemia ( Figure 6A ), suggesting that ROS is likely involved in regulation of PTP1B level. In agreement with previous finding that ROS can increase PTP1B level via activating nuclear factor (NF)-κB pathway, 38 our data showed that the level of NF-κB in HMEC-1 cells was increased under the hyperglycemia condition. As shown in Figure 6B , depletion of hyperglycemiainduced ROS by 10 mmol/L N-acetylcysteine (NAC) abolished the upregulation of NF-κB level. To confirm that hyperglycemia-induced NF-κB is a major reason for PTP1B upregulation, we also inhibited NF-κB activity by 100 mmol/L pyrrolidine dithiocarbamate 39 and found that pyrrolidine dithiocarbamate treatment completely abolished the hyperglycemia-induced upregulation of PTP1B ( Figure 6C ). Taken together, these results suggest that the overexpression of PTP1B in HMEC-1 cells under hyperglycemia condition is likely through the activation of the ROS-NF-κB axis.
PTP1B Dephosphorylates the Endothelial VEGFR2 During Angiogenesis
A recent study by Nakamura et al 13 has shown that VEGFR2 may be a substrate for PTP1B. Because VEGFR2 is vital for VEGF-induced vascular endothelial cell tube formation and proliferation, 40, 41 we tested whether PTP1B impairs wound healing in diabetic mice or HMEC-1 cells under hyperglycemic conditions by dephosphorylating VEGFR2. As shown in Figure 7A , we found that VEGFR2 phosphorylation was significantly suppressed in streptozotocin-treated mice when compared with WT mice or streptozotocin-treated PTP1B −/− mice. In contrast, PTP1B inhibition remarkably increased the level of phosphorylated VEGFR2 in WT mice treated with streptozotocin ( Figure 7B ) and ob/ob mice ( Figure 7C ). These results indicated that VEGFR2 was dephosphorylated by PTP1B, which activity was enhanced under hyperglycemia condition. To verify whether PTP1B inhibits the proliferation, migration, and tube formation of HMEC-1 cells by dephosphorylating VEGFR2, we monitored the effect of glucose and PTP1B inhibitor on the phosphorylation of VEGFR2 in VEGF-stimulated HEMC-1 cells. The results revealed that VEGFR2 phosphorylation was reduced by HG but enhanced when cells were treated with PTP1B inhibitor (Figure 7D ). To show dephosphorylation Protein tyrosine phosphatase 1B (PTP1B) modified human microvascular endothelial cell (HMEC)-1 cell proliferation, migration, and tube formation by regulating vascular endothelial growth factor receptor 2 (VEGFR2) phosphorylation. A, Western blotting of phosphorylated VEGFR2 (pVEGFR2) and total VEGFR2 in wild-type (WT) and PTP1B −/− mice treated with or without streptozotocin (STZ). B, Western blot analysis of pVEGFR2 and VEGFR2 levels in STZ-treated mice in the presence or absence of PTP1B inhibitor (PTP1Binh). C, Western blot results of pVEGFR2 and VEGFR2 protein levels in WT and ob/ob mice in the presence or absence of PTP1B inhibitor. D, Western blot results of pVEGFR2 and VEGFR2 protein levels in HMEC-1 cells cultured in LG or HG in the presence or absence of PTP1B inhibitor. E, Western blot results of pVEGFR2 and VEGFR2 levels in HMEC-1 cells overexpressed with PTP1B or treated with PTP1B inhibitor in LG conditions. F, Top, Representative image of HMEC-1 cells on Matrigel. Bottom, Quantitative analysis of the formed tubes was obtained by counting the number of branches from 5 fields per well. G, Knockdown of HMEC-1 cell pVEGFR2 and total VEGFR2 with VEGFR2 siRNA. H, EdU labeling assay of HMEC-1 cells in the control and VEGFR2 siRNA groups. The percentage of EdU-positive cells was calculated relative to the total numbers of HMEC-1 cells. I, Wound closure of HMEC-1 cells at 18 hours. Data are presented as the mean±SD of 3 independent experiments. *P<0.05 and **P<0.01. of VEGFR2 by PTP1B directly, we overexpressed PTP1B in HMEC-1 cells. As shown in Figure 7E , VEGFR2 phosphorylation in HMEC-1 cells was strongly suppressed by PTP1B overexpression but enhanced by the treatment with PTP1B inhibitor.
We next tested the effects of VEGFR2 dephosphorylation on the tube formation, proliferation, and migration of HMEC-1 cells. In this experiment, VEGFR2 expression in HMEC-1 cells was knocked down by transfection with VEGFR2 siRNA (siVEGFR2). As shown in Figure 7F , VEGF-induced tube formation of HMEC-1 cells was strongly blocked by VEGFR2 knockdown. Interestingly, in VEGFR2 knockdown HMEC-1 cells, either the promotion of HMEC-1 tube formation by PTP1B inhibition or the inhibition of HMEC-1 tube formation by PTP1B overexpression was abolished, suggesting that effect of PTP1B on the modulation of HMEC-1 cell tube formation is likely mediated through VEGFR2 dephosphorylation. Western blot analysis confirmed that the levels of both phosphorylated VEGFR2 and VEGFR2 were significantly reduced by transfection with siVEGFR2 ( Figure 7G ). In agreement with this observation, we found that the proliferation ( Figure 7H ; Figure IVA in the online-only Data Supplement) and wound closure rate of VEGFR2 knockdown HMEC-1 cells ( Figure 7I ; Figure IVB in the online-only Data Supplement) were significantly reduced even in the presence of PTP1B inhibitor.
Discussion
Although hyperglycemia caused an impaired wound closure and tube formation of vascular endothelial cells, the mechanism remains unclear. Various factors have been reported to contribute to the slow diabetic wound healing. These factors include growth factors, nitric oxide (NO), reactive oxygen species (ROS), matrix metalloproteinases, endothelial progenitor cells, and advanced glycation end products. [42] [43] [44] [45] [46] Growth factors particularly the fibroblast growth factor family, epidermal growth factor, transforming growth factor β, VEGF, hepatocyte growth factor, insulin-like growth factor, and platelet-derived growth factor play important roles in directing the wound healing process. As a complicated process, wound healing involves different events such as inflammation resolution, re-epithelization, extracellular matrix formation, angiogenesis, and tissue remodeling. 47 In the present study, we focused on the relationship between the level of PTP1B and vascular endothelial cell angiogenesis. Our data showed that, when compared with control mice without streptozotocin treatment, streptozotocin-treated mice displayed an impaired wound healing ( Figure 1C) . A delayed wound healing was also observed in ob/ob mice when compared with their WT littermates ( Figure 3C ). The wound tissue in ob/ob mice or streptozotocin-treated WT mice was composed of an irregular collagen structure and had an impaired neovascularization ( Figures 1C and 1D and 3C and 3D) . Importantly, streptozotocin-induced hyperglycemia had no effect on the wound healing in PTP1B −/− mice, suggesting that PTP1B plays an important role in the impaired wound healing by hyperglycemia in streptozotocin-treated mice or ob/ob mice. In support of this finding, we observed that HG in culture medium can greatly increase the expression level and activity of PTP1B in HMEC-1 cells ( Figure 4B and 4C ). Overexpression of PTP1B in HMEC-1 cells strongly inhibited endothelial cell proliferation, migration, and tube formation ( Figures 4E and 5C and 5D). Interestingly, inhibition of PTP1B activity by FRJ significantly improved the wound healing in streptozotocin-treated mice (Figure 2A ) and ob/ob mice ( Figure 3C ), as well as the tube formation, migration, and proliferation of HEMC-1 cells in the presence of HG ( Figures 4A and 5A and 5B) . Taken together, these results demonstrate that hyperglycemia impairs the wound healing in the presence of diabetes via increasing the expression level and activity of PTP1B, and that inhibition of PTP1B activity by specific PTP1B inhibitor may provide a potential effective therapeutic strategy for rescuing the impaired wound healing under diabetic condition. Our finding of PTP1B as an inhibitory modulator for wound healing is in agreement with the previous reports by Nakamura et al 13 and Sugano et al. 48 Using a mouse hindlimb ischemia model, Nakamura et al 13 found that PTP1B expression and activity were markedly increased and PTP1B negatively regulated vascular endothelial cell adhesions and angiogenesis. In the study of wound healing in a rat model of hindlimb ischemia, Sugano et al 48 also reported that PTP inhibitor could significantly accelerate angiogenesis process.
Recent studies have demonstrated that PTP1B was upregulated and activated by proinflammatory factors, such as TNF-α under a chronic, low-degree inflammatory condition. 14, 24 In the present study, we showed that hyperglycemia is a key factor in promoting PTP1B expression and activation. PTP1B level was significantly higher in streptozotocin-treated diabetic mice than in control mice without streptozotocin treatment ( Figure 1E) . Lowering plasma glucose level in streptozotocin-treated mice by injection insulin largely abolished the induction of PTP1B by hyperglycemia and rescued mouse wound healing ( Figure IIIB and IIIC in the online-only Data Supplement). These results collectively suggest that the impaired wound healing in the presence of diabetes mellitus can be improved by restoring normal blood glucose level. Through determining the alteration of TNF-α and ROS levels in microvascular endothelial cells after the stimulation of HG in medium, we found that the level of ROS ( Figure 6A ) but not TNF-α (data not shown) was significantly increased by HG. Our data further show that the upregulation of PTP1B expression by hyperglycemia is likely through the activation of the ROS-NF-κB axis ( Figure 6B and 6C) .
PTP1B can target various phosphorylated molecules to execute its function, 49, 50 and VEGFR2 has been recently reported as a possible substrate of PTP1B. 13, 51 As a potent proangiogenic factor specific for vascular endothelial cells, VEGFR2 plays an essential role in promoting endothelial cell angiogenesis, including cell proliferation, migration, and tube formation. 40, 41 The activation of VEGFR2 by phosphorylation on its Tyr1157 will activate multiple signaling enzymes, including mitogen-activated protein kinase, Akt and protein kinase C, and initiate the downstream signaling pathways that lead to angiogenesis. 40, 47, 52, 53 In the present study, we confirmed that VEGFR2 is an essential component for directing vascular endothelial angiogenesis and that VEGFR2 may serve as a target of PTP1B in the presence of diabetes. Under hyperglycemic conditions, the levels of phosphorylated VEGFR2 were significantly reduced in streptozotocin-treated mice and ob/ob mice ( Figure 7A and 7C ). Decreased VEGFR2 activity in vascular endothelial cells was associated with disrupted collagen structure and impaired neovascularization and wound healing ( Figure 1C and 1D ). This finding was also supported by in vitro assays demonstrating that HG in culture significantly reduced VEGFR2 phosphorylation ( Figure 7D ) and inhibited the proliferation, migration, and tube formation of HMEC-1 cells ( Figures 4A and 5A and 5B) . Interestingly, after knocking down VEGFR2 with siVEGFR2 in HMEC-1 cells, endothelial cell proliferation, migration, and tube formation were suppressed ( Figure 7F-7I ). Because PTP1B inhibition largely restores the level of VEGFR2 phosphorylation in streptozotocintreated diabetic mice ( Figure 7B ), ob/ob mice ( Figure 7C ), and HMEC-1 cells cultured in medium containing HG ( Figure 7D) , it is likely that the hyperglycemia-induced VEGFR2 dephosphorylation is mediated by PTP1B. Our results demonstrate that hyperglycemia can reduce phosphorylated VEGFR2 level in vascular endothelial cells and thus suppress endothelial cell angiogenesis and impair the wound healing.
In summary, our results revealed that PTP1B, which expression was upregulated under hyperglycemia conditions, impaired the diabetic wound healing process likely through dephosphorylating the endothelial cell VEGFR2. Moreover, PTP1B inhibited proliferation, migration, and tube formation of cultured microvascular endothelial cells induced by VEGF. Our study also provided PTP1B specific inhibitor as a potential novel therapeutic approach to improve diabetic wound healing.
Impaired wound healing is a major complication of diabetic patients. The mechanisms that govern wound healing, however, are complicated and poorly understood. Here, we report that protein tyrosine phosphatase 1B (PTP1B), which is upregulated and activated under hyperglycemic condition, plays a critical role in inhibiting wound healing process. The impaired wound healing in diabetic mice or human microvascular endothelial cells cultured in the medium with high glucose concentration can be rescued by a PTP1B inhibitor. PTP1B inhibits vascular cell angiogenesis likely through dephosphorylation of vascular endothelial growth factor receptor 2. By demonstrating PTP1B as an important negative modulator in wound healing process, our study provides the specific inhibitor of PTP1B as a potential novel therapeutic tool for diabetic wound healing.
Significance
